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Abstract
This paper seeks to determine possible causes for the relative lack of tornadoes in the
Great Plains in May 2020. This is done by observing weather data from May 2020 and
comparing these observations to that of May 2019, a notably more active month for tornadoes.
First, Daily Weather Maps is used to observe the trough-ridge pattern over the Rocky Mountains
at the 500 mb level, more specifically to see how many times a ridge formed over this area. Next,
the 300 mb level maps from California Regional Weather Server are observed to determine how
the jet streams were positioned throughout May 2020 and May 2019. Then, using the United
States Drought Monitor, cases of drought in the West are taken into account to compare moisture
content available to the Great Plains in both months.
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Introduction

The month of May is when tornadoes are generally most common in the Great Plains. In
2020, however, the number of tornadoes in May was noticeably lower than usual, despite the
tornado season being near the average in the Southeast U.S.. As of mid-August, the trend in the
Great Plains was below the 25th percentile, when compared to data over the past 50 years. This
paper seeks to document reasons why U.S. annual tornadoes would be significantly lower than
average in 2020.
The main ingredients for a tornado to form are atmospheric instability and wind shear
(Thompson et al. 2003; Doswell and Schultz 2006). The below average number of tornadoes in
the Great Plains suggest that something occurred in the atmosphere that hindered or prevented
one or both of these ingredients from being large enough to collectively cause supercell storms to
form, and hence for tornadoes to occur. A theory guiding this study is that a ridge over the Rocky
Mountains may have resulted in a weaker jet stream across the Great Plains in spring, preventing
situations in which vertical wind shear was significant, even if Gulf of Mexico moisture was
present, subsequently reducing the likelihood for supercell storm formation. In order to
determine the factors that acted to reduce the number of tornadoes this season, this study aims to
determine factors that could inhibit the formation of tornadoes in the 2020 tornado season using
both researched information and weather maps from this season. These findings will be
reinforced by comparing the weather data to that of the 2019 tornado season.
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Chapter 1: Tornado Formation

When looking at past weather data, it is a good idea to look for various diagnostic
variables, as these can potentially help identify components needed for storm system and tornado
formation. A “diagnostic variable” is described by Charles Doswell III and David Schultz in
their article “On the Use of Indices and Parameters in Forecasting” (Doswell and Schultz 2006)
as a quantity that is valid for a specific point in time. They classify diagnostic variables into five
categories. The first is simple observed variables, which are measured by meteorological
instruments. Examples include pressure, temperature, and wind speed. The second is simple
calculated variables, which are computed from simple observed variables but still have a
physical property. An example is mixing ratio, which is calculated using pressure, temperature,
and dewpoint. Third is derivatives or integrals of simple observed or calculated variables. These
variables “…allow estimates of the terms in formulae that might arise in mathematical
descriptions of atmospheric structure.” Fourth is combined variables, a type of variable derived
from two or more diagnostic values for a specific purpose. An example is convective available
potential energy (CAPE), which is very commonly used to assess instability in the atmosphere
using a vertical integral of multiple variables, namely moisture and conditional instability, under
a number of assumptions. The final type of diagnostic variable is indices, which either are based
on physically based formulae, such as the Showalter Index, or representing arbitrary
combinations of diagnostic variables, such as the Severe Weather Threat (SWEAT) index. One
index that is particularly useful with respect to tornadoes is the Significant Tornado Parameter
(STP). This index is described by the Storm Prediction Center as “a multiple component index
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that is meant to highlight the co-existence of ingredients favoring right-moving supercells
capable of producing F2-F5 tornadoes.” While diagnostic variables are certainly helpful tools,
one must be aware that they are prone to error, especially derivatives and indices that utilize
derivatives. As such, it would be wise to look for multiple diagnostic variables for the sake of
consistency (Doswell and Schultz 2006).
It is important to acknowledge the necessary components for a tornado to form before
potential inhibitors can be assessed. The first major component is instability, which occurs when
warm moist air at the surface interacts with cold dry air aloft. Instability is often measured as
CAPE, or in variations of this variable, such as most-unstable CAPE and mixed layer CAPE
(MUCAPE and MLCAPE, respectively). Within a convective storm, the warmer air rises,
creating an updraft that can intensify to magnitudes of 20-40 ms–1. The other component is wind
shear, the change of wind speed and direction with height. This can occur for a number of
reasons, such as fronts, jet streams, or inversions. Wind shear over the 0-1 km, 0-3 km and 0-6
km layers have been used to help predict the severity of ongoing or future convective storms.
The combination of the updraft and wind shear results in a mesocyclone that continues to draw in
warm moist air until a tornado is formed (Howard 2019).
In order to determine if the atmosphere has instability, the moisture content must be
observed. This is done best by observing a weather sounding. If the atmosphere is very dry, the
lapse rate must be greater than the dry adiabatic lapse rate, which is 10°C/km. If the atmosphere
is saturated, then the lapse rate must be greater than the moist-adiabatic lapse rate, which is
6°C/km (Vasquez 39). Otherwise, instability is not present, a supercell thunderstorm cannot
develop, and a tornado will not form. One possible cause of a lack of instability, as previously
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mentioned, is a high-pressure center located near a source of moisture. The resulting sinking air
prevents the moisture from being drawn into the atmosphere. Since instability requires warm
low-level air and cool upper-level air, temperature anomalies should also be considered. Wind
shear is caused by processes that can create a difference in wind speed with height, such as
frontal lifting or a jet stream. As such, it is also possible that the fronts were not as strong as
usual or that the jet stream was in an unfavorable position for wind shear in areas of instability.
These possibilities are important to keep in mind when observing the weather maps to determine
what actually happened.
The significant tornado parameter (STP) had been mentioned briefly when the diagnostic
variables were discussed. However, it is important to go over this parameter in more detail. It is
𝑀𝐿𝐶𝐴𝑃𝐸

defined as 𝑆𝑇𝑃 = (1000 𝐽𝑘𝑔−1 )(

𝑆𝐻𝑅0−6 𝑘𝑚
20 𝑚𝑠 −1

𝑆𝐻𝑅

2000 𝑚−𝑀𝐿𝐿𝐶𝐿

𝑘𝑚
)(100 0−1
)(
𝑚2 𝑠 −2

1500 𝑚

), where MLCAPE is the

CAPE value based on the lowest 100 m above ground level (AGL), SHR0-6 km is the vector shear
magnitude from the surface to 6 km AGL, SHR0-1 km is the vector shear magnitude from the
surface to 1 km AGL, and MLLCL is the height of the Lifting Condensation Level (LCL), or the
altitude at which an air parcel becomes saturated, based on the lowest 100 m AGL. As such,
according to the significant tornado parameter, important factors to consider for tornado
development are MLCAPE, bulk shear both from the surface to 6 km AGL and from the surface
to 1 km AGL, and the height of the MLLCL. Based on the equation, if the value of any of the
CAPE or shear values approach zero, then the STP value must approach zero as well. In other
words, the lower the CAPE or shear, the lower the STP, and subsequently the lower the chance
of tornado formation. Conversely, since the MLLCL is subtracted from 2000, a lower MLLCL
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would contribute toward a higher STP. This indicates that the closer the MLLCL is to the
surface, or the sooner the air becomes saturated with height, the greater the chance of tornado
formation.
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Chapter 2: 2019 Tornadoes
First, the surface maps from Daily Weather Maps from the Department of Commerce
were observed to see if any ridges had formed over the Rocky Mountains during May 2019.
One such ridge axis appeared from May 14 to May 16 (Figure 1a). Prior to this, however,
there was a very deep ridge over the Pacific Ocean visible from May 2 that would influence
the jet stream pattern (Figure 1b). Aside from this, however, no notable ridges formed over the
Rocky Mountains.

Figure 1. (a) May 14 2019 500mb Height Contours (left). (b) May 2 2019 500mb Height
Contours (right).
The jet stream pattern for May 2019 will now be observed. On May 3, the jet stream
enters the Great Plains from the northwest due to a deep ridge over the Pacific Ocean (Figure
2a). This ridge, combined with the trough east of it on May 8, causes an even more curved jet
stream pattern (Figure 2b). Starting May 12, the jet stream has more of a southwest-northeast
orientation, with an upper-level high in Mexico (Figure 2c). A jet stream from the northwest
re-emerges on May 15, but the pattern still indicates a weak jet stream (Figure 2d). The jet
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stream becomes more continuous on May 19 as the ridge shifts east, but it still has a
southwest-northeast orientation due to the troughs on either side of the ridge (Figure 3a). As
the westernmost trough deepens, the jet stream begins to curve more, becoming almost bowlshaped by May 22 (Figure 3b). It mostly returns to its southwest-northeast orientation the next
day, though a low-pressure center over Nevada, Utah, and New Mexico prevents the jet stream
from fully straightening out (Figure 3c). By the end of the month, there are two jet streams,
one entering from the northwest and the other from the southwest, but neither cross the Great
Plains states except for Texas, Oklahoma, and part of New Mexico in the case of the latter
(Figure 3d). Curiously, the jet stream was never in a completely west-east orientation.
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Figure 2. (a) May 3 2019 Jet Stream (top left). (b) May 8 2019 Jet Stream (top right). (c)
May 12 2019 Jet Stream (bottom left). (d) May 15 2019 Jet Stream (bottom right).

Figure 3. (a) May 19 2019 Jet Stream (top left). (b) May 22 2019 Jet Stream (top right).
(c) May 23 2019 Jet Stream (bottom left). (d) May 31 2019 Jet Stream (bottom right).
A surface high near the Gulf of Mexico would prevent moisture from being drawn into
the atmosphere. As such, any such surface highs will be identified. One high is seen on May
13 near the Louisiana-Mississippi border (Figure 4a). This high would shift northeastward into
western Kentucky the next day, but another begins to take its place the following day (Figure
4b). This high would inhibit Gulf moisture uptake until May 19 when it exits into the Atlantic
Ocean (Figure 4c). On May 21, a surface high appears over the Florida Panhandle and exits to
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the east the next day (Figure 5a). Another high appears south of the Panhandle on May 25 that
remains over the Gulf area until May 30 (Figures 5b and 5c).

Figure 4. (a) May 13 2019 Surface Map (top left). (b) May 15 2019 Surface Map (top
right). (c) May 19 2019 Surface Map (bottom).
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Figure 5. (a) May 21 2019 Surface Map (top left). (b) May 25 2019 Surface Map (top
right). (c) May 30 2019 Surface Map (bottom).
The United States Drought Monitor will be used to find instances of drought across the
West United States, as these would indicate a lack of moisture in the atmosphere going into
the Great Plains. As of May 7, only northwest New Mexico had severe drought, while
abnormal dryness and moderate drought developed in western Washington. Abnormal dryness
also developed in parts of Wyoming. As of May 14, drought coverage in New Mexico and
abnormal dryness in Wyoming were reduced due to recent precipitation. However, moderate
drought expanded over central and western Washington due to dry conditions, low
streamflow, and high evaporative demand. The week of May 21 was cooler and wetter than
normal, reducing drought in the majority of the West. However, western Washington and
northwest Oregon were still drier than normal (Pugh et al. 2019).
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Synoptic discussions from the NCEI will be observed next to verify the findings from
May 2019. From May 1 to May 9, there was a ridge over the Gulf of Alaska, a trough over
Central Canada, and a ridge over the Northeast (Figure 6a). This wave pattern resulted in warm
and dry conditions over the West Coast, a cold anomaly and heavy precipitation over the
Northern Plains, and a warm anomaly over the Mid-Atlantic. This pattern would shift eastward
and slightly weaken from May 10 to May 16 (Figure 6b). As a result, the cooler temperatures
and precipitation moved from the Northern Plains to the East Coast, warm conditions from the
Pacific Northwest extended into the Northern Rockies, and abnormally dry conditions spread
across central United States. Additionally, a trough entered the Southwest from the eastern
Pacific, resulting in heavy rainfall. From May 17 to May 30, the wave pattern more closely
resembled that of the May 1-May 9 timeframe, with a trough over the west and a ridge over the
east (Figure 7). Between these was a strong southeasterly jet that provided sufficient energy and
moisture for tornado outbreaks in the Central Plains. Overall, this May featured a long stationary
wave pattern consisting of a ridge over the North Pacific, a trough from the Great Lakes to
southern California, and a second ridge over the Southeast.
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Figure 6. (a) May 1-9 2019 Mean Wave Pattern (left). (b) May 10-16 2019 Mean Wave Pattern
(right).

Figure 7. May 17-30 2019 Mean Wave Pattern
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Chapter 3: 2020 Tornadoes
Again, Daily Weather Maps will be used to find ridges that developed over the Rocky
Mountains during the month of May, this time in the year 2020. One such ridge formed between
May 1 and May 2 over the northern area (Figure 8a). Another ridge formed over the Rockies on
May 5 (Figure 8b). Another ridge formed between May 10 and May 12 (Figure 8c). Another
ridge formed in the northern Rocky Mountains on May 28 that extended to the rest of the
Rockies by May 30 (Figures 8d and 8e).

Figure 8. (a) May 1 2020 500mb Height Contours (top left). (b) May 5 2020 500mb
Height Contours (top center). (c) May 10 2020 500mb Height Contours (top right). (d) May 28
2020 500mb Height Contours (bottom left). (e) May 30 2020 500mb Height Contours (bottom
right). Each image was taken at 6:00 AM CST.
Next, the jet stream pattern will be observed using maps from California Regional
Weather Server. For an ideal tornado season, the jet stream would generally be located towards
the middle of the country and have relatively zonal flow. Otherwise, it would not be as strong.
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On May 1, the jet stream curves northward from Montana into Canada before curving southward
into the Great Lakes, bypassing a large portion of the Great Plains (Figure 9a). This disturbance
was caused by the upper-level wave pattern in the northern Great Plains area pushing the jet
stream northward, as well as notably high temperatures in this area since jet streams follow the
boundary between warm and cool air. The curve diminishes by the following day thanks to a
shortwave trough north of Minnesota, but the jet stream is still farther to the north than what is
ideal for tornado formation (Figure 9b). On May 5, the jet stream pattern appears to be relatively
zonal despite the ridge present over the Rockies at this time (Figure 9c). On May 10, the jet
stream curves into the Great Plains through western Canada due to the ridge present over the
Rockies at this time, resulting in a weakened jet (Figure 9d). The jet stream gradually returns to
west-east flow as this ridge moves east and weakens. On May 18, the jet stream has a very curvy
pattern (Figure 10a). While the ridge is east of the Rockies at this point, there is also a notable
low-pressure center just off the shores of northern California and Oregon, resulting in a deep
wave pattern. Starting May 21, the jet stream becomes highly unfocused until May 26, where
there is still a large southward curve down the Great Plains due to the trough axis in that area
(Figures 10b and 10c). By May 28, the jet stream is mainly present in Canada, with it only
entering the United States in eastern Montana, North Dakota, and northern Minnesota (Figure
10d). The shape of the jet is also reminiscent of a cosine graph. This is due in no small part to the
ridge over the Rockies, which stretches particularly far north, as well as the high temperatures
pushing the jet stream north. The jet stream does shift southward as the ridge shifts east, but not
enough to produce a significant amount of wind shear, and it remains curved for the remainder of
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the month. Compared to May 2019, the jet stream was less zonal in May 2020, causing the jet to
be weaker and therefore unable to produce as strong of wind shear.

Figure 9. (a) May 1 2020 Jet Stream (top left). (b) May 2 2020 Jet Stream (top right). (c) May 5
2020 (bottom left). (d) May 10 2020 Jet Stream (bottom right).
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Figure 10. (a) May 18 2020 Jet Stream (top left). (b) May 21 2020 (top right). (c) May 26 2020
Jet Stream (bottom left). (d) May 28 2020 Jet Stream (bottom right).
Surface highs close enough to the Gulf of Mexico to inhibit moisture uptake appeared
much earlier than in May 2019, with the first appearing on May 1 over southern Alabama. This
high moves eastward into the Atlantic Ocean by May 6, only for another surface high to take its
place, followed by another the next day (Figures 11a, 11b, and 11c). The first day of May to not
feature a surface high over the Gulf of Mexico is May 8. Another surface high appears deep in
the Gulf on May 20, but this high-pressure activity is much shorter lived (Figure 11d).
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Figure 11. (a) May 1 2020 Surface Map (top left). (b) May 6 2020 Surface Map (top right). (c)
May 7 2020 Surface Map (bottom left). (d) May 20 2020 Surface Map (bottom right).
Cases of drought in the West for May 2020 will now be recorded. As of May 5,
precipitation was significantly lower than normal across Oregon, northern California, and the
Great Basin. Moderate to severe drought was reported across northern Nevada, with Salt Lake
City in particular having an extremely dry April, which in turn caused some abnormal dryness up
to northern Utah. Severe and extreme drought was also reported in parts of Washington and
Oregon. As of May 12, abnormal dryness expanded into southwest Montana. Dryness and
warmth caused moderate to extreme drought in much of Nevada, Oregon, some of Washington,
and the western Idaho Panhandle. At this point, temperatures were somewhat higher than normal
in many parts of the West. As of May 19, temperatures were slightly higher than normal over
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central Nevada, Utah, Colorado, and eastern New Mexico, and normal to below normal across
the rest of the West. Drought severity has decreased over much of Oregon and Washington,
while conditions in Nevada and Utah worsened. Northern New Mexico experienced moderate to
extreme drought, while the eastern section experienced only abnormal dryness. Colorado also
received an expansion of moderate to severe drought conditions. As of May 26, precipitation fell
across Montana barring the southwest section, Idaho, eastern Oregon, parts of Washington,
central and northeast Nevada, northern Utah, northwest Wyoming, central Colorado, and parts of
eastern Wyoming. This resulted in lessened precipitation deficits and improvements in drought
conditions in these areas. Much of the region experienced below normal temperatures at this time
except for coastal California. However, severe drought occurred in central Idaho and southeast
Oregon, while moderate drought occurred in southwest Montana, northeast Idaho, north-central
Oregon, south-central Washington, and eastern New Mexico. It appears that May 2020 had
significantly more drought cases compared to May 2019, indicating that there was less available
moisture, and therefore less potential instability, going into the Great Plains than this year (Pugh
et al. 2020).
The synoptic discussions for May 2020 from the National Centers For Environmental
Information (NCEI) will be observed next to verify the previous findings. From May 1 to May 5,
as noted previously in Figure 8a, a ridge was present across the Southwest that brought warm
temperatures to the Southern Plains along with dry conditions across the southern half of the
United States, reducing instability. The discussion also notes that this ridge was part of a larger
ridge associated with a positive East Pacific Oscillation (EPO) (Figure 12a). A positive EPO
indicates a stronger, more southward jet. From May 6 to May 14, the ridge shifted over Alaska
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and strengthened (Figure 12b), resulting in a negative EPO and subsequently a weaker jet
(reducing wind shear). This also resulted in a trough associated with a negative temperature
anomaly, which could potentially limit instability (Figure 12c). From May 15 to May 24, a cutoff
low developed over the Tennessee Valley, drawing in moisture from the Gulf of Mexico.
However, a ridge resulted in hot and dry conditions to the Southern Plains, limiting instability
(Figure 12d). From May 25 to May 31, a weak trough was wedged between two ridges (Figure
12e). As a result, the East Coast experienced summer-like weather, the West Coast warm and dry
conditions (thus limited instability), and the Great Plains mild temperatures and rainfall. Overall,
the Alaskan ridge, which extends over southwestern U.S., resulted in warm and dry conditions
over the Southwest for most of May. Meanwhile, the trough to the east brought about strong cold
anomalies. Based on these discussions compared to those of May 2019, the synoptics were much
less favorable for tornado formation in May 2020.
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Figure 12. (a) May 1-5 2020 Mean Geopotential Heights and Anomalies (top left). (b) May 6-14
2020 Mean Geopotential Heights and Anomalies (top center). (c) May 6-14 2020 Mean
Temperature Anomalies (top right). (d) May 15-24 2020 Mean Geopotential Heights and
Anomalies (bottom left). (e) May 25-31 2020 Mean Geopotential Heights and Anomalies
(bottom right).
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Conclusion
Based on the information acquired, three possible causes of the lack of tornadoes in May
2020 have been identified. First, ridges appeared more frequently over the Rocky Mountains
region. This resulted in more curved and subsequently weaker jet streams over the Great Plains
compared to May 2019. Second, high-pressure activity at the surface over the Gulf of Mexico
began much sooner in May 2020 than in May 2019. This indicates that moisture inhibition was
present earlier in May 2020. Lastly, drought was more prevalent over the West in May 2020,
resulting in less available moisture from the West than in May 2019. It is also worth noting that
the synoptic pattern in May 2020 was far less favorable for severe weather than May 2019. As
such, strong wind shear and instability were not present at the same time as frequently in May
2020 than in May 2019, resulting in a much quieter tornado season.

24

Reference List

ARCHIVE of Jet Stream Maps. squall.sfsu.edu/crws/archive/jet_arch.html.
“Daily Weather Maps.” Daily Weather Map, www.wpc.ncep.noaa.gov/dailywxmap/.
Doswell, Charles A, and David M Schultz. “On the Use of Indices and Parameters in
Forecasting.” E-Journal of Severe Storms Meteorology, vol. 1, no. 3, 2006.
Howard, Brian C. Tornadoes, Explained. 28 Aug. 2019,
www.nationalgeographic.com/environment/natural-disasters/tornadoes/.
Pugh, Brad, et al. Drought Summary. droughtmonitor.unl.edu/Summary.aspx.
Schreck. “Synoptic Discussion - May 2020.” National Climatic Data Center, National Oceanic
and Atmospheric Administration, www.ncdc.noaa.gov/sotc/synoptic/202005.
Schreck. “Synoptic Discussion - May 2019.” National Climatic Data Center, National Oceanic
and Atmospheric Administration, www.ncdc.noaa.gov/sotc/synoptic/201905.
Significant Tornado Parameter (STP), www.spc.noaa.gov/exper/soundings/help/stp.html.

Vasquez, Tim. Weather Analysis & Forecasting. 1st ed., Weather Graphics Technologies, 2011.

